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RESULTSOF TESTS IN THE NASA/MSFC 14-1NCH

TRISONIC WIND TUNNEL ON A 0.004-SCALE MODEL

(74-0TS) THRUST AUGMENTED SPACE SHUTTLE

INTEGRATED VEHICLE (IA602)

by

A. C. Mansfield

Rockwell International Space Systems Division

Huntsville Operations

ABSTRACT

A 0.004-scale model of the Space Shuttle Launch Vehicle was tested with

and without Liquid Boost Module thrust augmentation to determine incre-

mental aerodynamic loads. The test was conducted in the NASA/MSFC 14-

Inch Trisonic Wind Tunnel from March 4 to April 30, 1980. Mach number

varied from 0.6 to 4.96 while.the model was pitched and yawed through -8 to

•6degrees. Pitch data were obtained at 0° sideslip while sideslip

data were obtained at -4, 0 and +4 degrees angle of attack. P,eynolds

number ranged from 4.54 to 7.34 x 106/ft.,depending on Mach number.

This report documents the test particulars and tabulates data results.
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SYMBOL

)

b
ref

BW

b
W

C

>

CAf

C_t

C£f

CBW

u

C
e

Ch

eI

Ch
e

o

C
m

C
5,

C

mf

MNEMONIC

BEEF

CBAR

CAT

CAB( )

CA.F

CBL

CBLF

CBW

CEBAR

CHEI

CHE0

CLM

cue¢

CI2[F

CLMBF

NOMENCLATURE

DEFINITION

( ) Base area, inch 2

reference length used to non-dimensionalize

yaw and roll moments; orbiter body length,
inches

balance root bending moment of orbiter

wing, inch pound

orbiter wing span, inch

orbiter wing mean aerodynamic chord, inch

total axial force coefficient

base axial force coefficient, ( ) see subscripts

forebody axial force coefficient

rolling moment coefficient reference to

SSLVMRP

forebody rolling moment coefficient

orbiter wing root bending moment coefficient

referenced to MRP of wing

orbiter elevon mean aerodynamic chord

orbiter inboard elevon hinge moment coefficient

orbiter outboard elevon hinge moment coefficient

total pitching moment coefficient referenced

to SSLV MRP

pitching moment coefficient correction for

orbiter base pressure referenced to SSLV MRP

SSLV forebody pitching moment coefficient

referenced to SSLV MIIP

body flap pitching moment coefficient due to

body flap referenced to SSLV MRP



NOMENCLATURE(Continued)

SYMBOL

CN

cNb

CNBE

CNf

cNw

CPB( )

CPRv

CR

CrW

Cy

Cyf

C

%()

C
n

C

nf

ET

FA

FA( )

FN

FN( )

Fy

Fy( )

MNEMONIC

CN

CNB_

CNBF

CNF

CNW

CFB( )

CPBF

CR

CTW

CY

CYF

CYI'_ ()

CTN

CYNF

ET

DEFINITION

normal force coefficient

normal force coefficient correction due to

orbiter base pressure

normal force coefficient due to body flap

forebody normal force coefficient

orbiter wing normal force coefficient

base pressure coefficient; ( ) see subscripts

body flap pressure coefficient

rolling moment coefficient

orbiter wing torsion moment coefficient

side force coefficient

forebody side force coefficient

base yawing moment coefficient correction due

to base axial force referenced to SSLV MRP

( ) see subscripts

yawing moment coefficient referenced to SSLVMRP

forebody yawing moment coefficient referenced to
SSLVMRP

External Tank

balance axial force for total vehicle, pound

balance axial force, pound

balance normal force for launch vehicle,

pound

balance normal force, pound

balance side force for total vehicle, pound

balance side force, pound

4



NOMENCLATURE(Continued)

SYMBOL MNEMONIC

H

ei

H
e
o

LBM

£
ref

LBM

LREF

MP.P(ORB, SSLV,

Wing)
M MACH

Mx

My( )

M Z

MZ( )

Pb( ) PB( )

P

q Q(Psl)

aN RN/L

S SE
e

SRE F SREF

DEFINITION

inboard balance elevon hinge moment for the

orbiter, Inch-pound

outboard balance elevon hinge moment for the

orbiter, inch-pound

effective orbiter base cant angle, degrees

Liquid Boost Module

reference length used to non-dlmenslonallze

pitching moment; orbiter body length, inches

moment reference point in ET coordinate system

Mach number

balance rolling moment for total vehicle,

inch-pound

balance rolllng moment, inch-pound

balance pitching moment for total vehicle,

inch-pound

balance pitching moment, inch-pound

balance yawing moment for total vehicle,

inch-pound

balance yawing moment, inch-pound

balance orbiter wing force, pound

base pressure, psia ( ) see subscripts

freestream static pressure, psla

tunnel freestream dynamic pressure, psia

tunnel Reynolds number per foot

elevon reference area, inch 2

reference area, inch 2
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SYMBOL

TW

XT()

YMRP

YT

YT( ) .

_./RP

ZT( )

B

e i

e
o

MNEMONIC

XMILP

YMRP

ZMRP

ALPHA

BETA

ELV-IB

ELV-_B

NOMENCLATURE (Continued)

DEFINITION

orbiter wing torsion moment, inch-pound

longitudinal moment reference point, inches

X distance from SSLV MRP to centroid of ( )

base, inch

ET longitudinal station, inc

X moment transfer from ( ) balance to MRP,

inch

lateral moment referencepoint, inches

ET spanwise station, inch

Y moment transfer from ( ) balance to MRP,

inch

Z distance from SSLV MRP to centroid of

( ) base, inch

vertical moment reference point, inches

Z moment transfer from ( ) balance to SSLV

MRP, inch

model angle of attack, degrees

model angle of sideslip, degrees

inboard elevon deflection angle, degrees

outboard elevon deflection angle, degrees

Ol

O3

04

SUBSCRIPTS ( ) *

Orbiter base, location i

Orbiterbase, location 3

Orbiter base, location 4



NOMENCLATURE(Concluded)

SUBSCRIPTS( )* (Concluded)

ALT

BLB

ENG

ET, T

ETI

ET2

ET3

ET4

F

LB, LSR

¢

RB, RSR

RET

SRB, S

SSLV

SSLV + LBM

TLB

Attach block + nozzle + boat tail

LBM base

LBM ensine

External tank

External tank base, location 1

External tank base, location 2

External tank base, location 3

External tank base, location 4

body flap

left SRB

Orb iter

right SRB

External tank remaining base

Solid Rocket Booster

Space Shuttle Launch Vehicle,

SSLV + Liquid Boost Module

LBM tank base rake

*absence of. subscrlpt( ) refers to SSLV data



INTRODUCTION

In order to meet proposed expandedmission requirements for the Space

Shuttle, additional thrust during the boost flight phase will be needed.

Oneof the methodsunder study for this thrust augmentation is the addition

of a Liquid Boost Module (LBM) to the base of the external tank.

This report presents results from an experimental aerodynamic investigation

on a 0.004-scale (model 74-_TS) Space Shuttle Launch Vehilce (SSLV), tested

with and without the proposed LBM, to obtain incremental data for per-

formance analysis. The tests had two objectives:

i) obtain force and moment data defining SSLV, orbiter

wing, and orbiter elevon aerodynamic characteristics

with and without the LBM present.

2) obtain base pressure levels under like conditions as

above.

Data were recorded over a Mach number range from 0.6 to 4.96 at unit

Reynolds number varying from 4.54 to 7,34 x 106/foot. Model attitude was

pitched from -8 ° to 6 ° at 0 ° sideslip and sideslipped from -8 ° to 6° at

-4 ° , 0° and 4° angle of attack.

Included in this report, beyond the normal discussions of configurations

investigated, instrumentation, test procedure and data reduction, are

descriptions of the problems encountered with the elevon balances and

the measurement of base pressures.



INTRODUCTION(Concluded)

A complete discussion of the base pressure investigation and a recommended

base pressure rake configuration are given in Appendix I. Because the

rake itself influences both the pressure and force data, Appendix II pre-

sents results of a rake effect study and recommendsa method to minimize

this effect. Appendix III discusses the problems encountered in measuring

elevon data and recommends procedures to be used when utilizing these data.

These discussions are provided to help interpret and insure proper usage

of the data herein.

..../



CONFIGURATIONS INVESTIGATED

Figure I presents a general arrangement of the SSLV. Figure 2 gives some

details of the liquid boost module whose components were fabricated from

sketches provided by Martin Marietta Corporation. An ET-LBM fairing

(Figure 3) was also built and tested.

The complete SSLV or SSLV+LBM models were supported in the tunnel by a

single sting/balance through the base of the orbiter. The LBM was

rigidly attached to the ET base as shown in Figure 3.

Pre-test planning for this test, Reference i, proposed a 3-phase investi-

gation: total vehicle-wing-elevon loads study; element loads study; and _

LBM loads study. However, during the test prior to this one (IA600),

two SSLV elements (ET and SRB's) were damaged, causing this test to use

an ET and SRB from another model which did not reflect the latest protuberance

configuration. Additionally, after the start of this test, the LBM con-

figuration was changed from a thrust member to a shroud attachment structure.

For these reasons, the tests was stopped after phase I. The complete in-

vestigation was rescheduled and completed as task IA603, reference 2.

This investigation, therefore, included only the following studies:

a) base pressure rake optimization for both the SSLV and

SSLV+LBM configurations

b) orbiter wing and elevon loads determination

c) total vehicle (SSLV and SSLV+LBM) aerodynamic force and

moment coefficient determination

I0



CONFIGURATIONSINVESTIGATION(Concluded)

Part A, the base pressure rake optimization, has been'separated from

the main body of this report and included as Appendix I and Appendix II.

Appendix I addresses the problem of optimizing the rake configuration

from a pressure measurement standpoint, while Appendix II addresses the

effect the rake has on the overall vehicle aerodynamic characteristics.

The plotted data are presented along with discussions of results and

reasons for selection of the final rake configuration used for Part B

and C of this study.

11



INSTRUMENTATION

All testing utilized a single sting support system attached to a 6-

componentinternal strain gage balance in the orbiter which measured

aerodynamic loads on the complete SSLV. During the base pressure study

phase of the program, the main balance loads were utilized to determine

sting deflections only and were not recorded. Additionally, the right-

hand wing of the orbiter was instrumented with a 3-component balance which

measuredwing normal force, root bending momentand torsional or twisting

moment. Both left-hand elevons (inboard and outboard) were instrumented

to obtain hinge moments. Somedifficulties were experienced in recording

the elevon hinge moments. These problems and procedures for determining

valid data are discussed in Appendlx III.

Element base pressures were measuredby one of several pressure rakes

which were supported from the single sting. The bundled tubing ran

along the sting as far as possible before being bent into the desired

rake configuration. The orbiter base pressure rake, which remained

unchanged throughout the test is shown in Figure 4. The other rakes are

shown and described in Appendix I.

12
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TEST FACILIT_ DESCRIPTION

The Marshall Space Flight Center 14xl4-inch Trisonic Wind Tunnel is an

intermittent blowdown tunnel which operates by high-pressure air flowing

from storage to either vacuum or atmospheric conditions. A Mach number

range from 0.2 to 5.85 is covered by using two interchangeable test

sections. The transonic section permits testing at Mach 0,20 through

2.50 and the supersonic section permits testing at Mach 2.74 through

5.85. Mach numbers between 0.2 and 0.9 are obtained by using a con-

trollable diffuser. The range from 0.95 to 1.3 is achieved through the

use of plenum suction and perforated walls. Mach numbers of 1.44, 1.93

and 2;50 are produced by interchangeable sets of fixed contour nozzle

blocks. Above Mach 2.50, a set of fixed contour nozzle blocks is tilted

and translated automatically to produce any desired Mach number in 0.25

increments.

Air is supplied to a 6000 cubic foot storage tank at approximately -40°F

dew point and 500 psi. The compressor is a 3-stage reciprocating unit

driven by a 1500 hp motor.

Tunnel flow is established and controlled with a servo-actuated gate

valve. The controlled air flows through the valve diffuser into the

stilling chamber and heat exchanger where the air temperature can be

controlledfrom ambient to approximately 180°F. The air then passes

through the test section which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch sector

that provides a total angle-of-attack range of 20 ° (± I0°). Sting

offsets are available for obtaining various maximum angles of attack up

to 90 ° .

13
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TEST FACILITY DESCRIPTION (Concluded)

The air then flows through a diffuser and exhausts to either ambient

atmosphere or a vacuum field of 42,000 cu. ft. The vacuum tanks are

evacuated by five pumps driven by a total of 500 hp. Depending on

the test conditions, run times available vary from 45 seconds to 2

minutes.

14



DATA REDUCTION

Launch Vehicle Data Reduction

The following equations were utilized to reduce the SSLV, and SSLV+LBM

configuration data to coefficient form.

Total Coefficients

cN - _ /qSREF

cAT_ q/qs_F

Cy = Fy /qSRE F

Cm = My /qSRE F ERE F + CN (_0 /LREF)- CAT (ZTo /LREF)

Cn " M z /qSRE F LRE F + _ (XT 0 /LRE F)

C9" " _ IqSREF LRE F - _ (ZT 0 /LI_..E)

Base Pressure Coefficients

CPb(x) = (Pb(x) - P_)/q
(see Nomenclature Subscripts for

definitions of X)

and

cp - (Cp + Cp + Cp )/3
b_ bo1 b#3 b_ 4

4

Cp - Cp (body flap)
b@ 2 " CPB F

A

Cp = %_ Cp

bET _ bETi

Forebod 7 Coefficients

15
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DATA P_DUCT!ON (Continued)

Launch vehicle forebody axial force coefficient (CAf)

CAE (01 _(ET) _(LSRB) _(RSRB)
:c_ - c_ - c - c - c

Launch vehicle + LBM forebody axial force coefficient (CAr)

= c_ - c_ - c - c - c
CAf (_) _ (LSRB) _ (RSRB) _LBM

Where

C_ (x) " -Cp (x) (_ (x) ISREF)

exception;

C _' -

(LBM) Ceb (RET)

-CPb
(BLB)

Forebody normal force coefficient (CNf)

=' CN - CN
CNE b 0 -CNB F

Where

C_O= -CPo tan _ (_o/SREF)

and

CNB F =-CPB F (_BF/SREF)

Forebody pitching moment eoefflcient (Cmf)

C =C -C -C

mf m mbo mBF

(_ /SREF) - (_(TLB)/SREF)
(PET) CPb (TLB)

(_BLB/SREF) - Cp (_ENG/SREF)
b(ENG)

16



,Where

= CN
C_ 0 b 0

and

DATA REDUCTION (Continued)

(_0/LREF) Abo

CmB F = CNB F (_FILREF)

Forebody side force coefficient (_f)

Cyf =

Forebody yawing moment coefficient (Cnf)

C -C -C -C

nf n nbLsR B %RSRB

Where

m

Q

CnbLSRB -C%LsRB (YbsRB -LREF)

and

CnbRsR B " C%RSR B (YbsRB/LREF)

Forebody rolling moment coefficlent(CA f )

Czf = CA

Wing and Elevon Coefficient

The following equations were used tocompute the wing normal force

coefficient (CN--w)' wing root bending moment coefficient (CBw), and

17
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DATA P£DUCT!'ON (Concluded)

torsion moment coefficient (CTw)

NW

C_ - qSRE F

BW

CBW qSREFb w

TW

CTw = qSREF_

In-board and Out-board Elevon Hinge Moment Coefficients

H

e 1
Ch _ _

eI qSe ce

H
e
o

Ch
e qSe _e
o

Table II lists the reference dimensions utilized in the foregoing equations.

Tables III through VII present the uncertainty values for each balance.

18
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TABLE I
ill i i i

TEST : MSFC665 (IA602) J
TEST CONDITIONS

DATE :

MACI.INUMBER

0.60

n _fl

0.90

0.95

1.05

i. i0

1.15

1.25

1.46

1.96

2.74

3.48

4.96

REYNOLDS NUMBER

(per un,t length)

4.85 x 106

2.84

6. I0

6.25

6.38

6.38

6,41

6.43

6_31

7.34

4..54

6.12

DYNAMIC PRESSURE

(pounds"sq.mchl

"_Z _.q__
........ 22 4.35

6.46

7.37

7.77

8.45

8.73

8.96

9.29

9.47

30 10.97

_o 6.37

60 6.86

STAGNATION TEMPERATURE

(degrees Fahrenhert)

lO0

4.79 90 3.07

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

See Below

COEFFICIENT
CAPACITY:* ACCURACY:* TOLERANCE:

COMMENTS: Orbiter Balance - MSFC#239
SIR.B Balance - MSFC#241

LBM Balance - MSFC#248

Wing Balance - Gaged Sections

Elevon Balances-Gaged Section

*See Tables III through VII

2O
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TABLE II

REFERENCE DIMENSIONS AND DATA REDUCTION CONSTANTS

SYMBOL

AbALT

AbBF

AbET

AbLBT (i LBM Tank)

Abo

AbRET

AbSR 
b
%;

e

c

%

LREF

MRP (6-comp)

S
e

SREF

O

o

XT o

DIMENSION

_LL SCALE ....

Iii. 2 ft 2

142.6 ft 2

597.6 ft 2

78.5 ft 2

436.7 ft 2

488.8 ft 2

236.4 ft 2

936.68 in

90.7 in

474.8 in

14.75 deg

1290.3 in

= 976 in

YT " 0 in

Zz = 400 in

210.0 ft 2

2690.0 ft 2

-1263.0 in

-1329.7 in

-909.50 in

MODEL SCALE

2
0.256 in

0.329 in 2

1.377 in 2

0.181 in 2

1.006 in 2

1.126 in 2

0.544 in 2

3.747 in

0.3628 in

1.8992 in

14.75 deg

5.160 in

3.904 in

0 in

1.600 in

0.4838 in 2

6.198 i_ 2

-5.052 in

-5.319 in

-3.638 in

21



TABLEII (Concluded)

REFERENCEDIMENSIONSANDDATAREDUCTIONCONSTANTS

SYMBOL

XTET

YBsR

Zbo 

ZTo

MRP for Wing

FULL SCALE

-530.5 in

250.5 in

-326.5 in

-341.5 in

X = 1307 in

Owing

YO = 105 in
wing

X0 = 1387 in
elevon

DIMENSION

MODEL SCALE

-2.122 in

1.002 in

-1.306 in

-1.366 in

5.228 in

O. 420 in

5.548 in

22



, TABLE III

b_CERTAINTY: ORBITER BALANCE - MSFC 239

PARAMETER

NF

SF

AF

PM

RM

YM

CAPACITY

200 lb.

100 Ib.

50 lb.

200 lb.

50 in.-Ib.

I00 in.-Ib.

J, . i ii

i iii ii _

ACCUNACY

+ 1.0 lb.

+ O.S lb.

+ 0.25 lb.
1

+ 0.99 lb.

+ 0.25 lb.
l

+ 0.49 lb.

COEFFICIENT

TOLERANCE
,., i , .... ,,

+ 0.01"60

+ O.0080

+ 0.0040

+ 0.0031

+ 0.0018

+ 0.0016

MAX. LOADS*

SO lb.

30 lb.

30 lb.

176 in.-Ib.

35 in.-Ib.

45 in.-Ib.

*Maximum estimated running loads,,not starting loads. Accuracy is nominally

+ 0.5 percent. Coefficient tolerances based on maximum q of lO psia.

TABLE IV

PARAMETER
i.

NF

SF

AF

PM

RN

YM

UNCERTAINTY: SRB BALANCE - MSFC 241
., ,,9 ' .ll;

CAPACITY

iii

55 lb.

30 lb.

15 lb.

63 in.-Ib.

30 in.-lb.

32 in.-lb.

ACCURACY •
ii i

+_o.2Blb.

+o:iSlb.
"

+ 0.32 in.-Ib.

+ 0.14 in.-lb.

± 0.16 in.-Ib.

COEFFICIENT

TOLERANCE
I

+ 0.0047

+ 0.0025

+ 0.0013

+ 0.0011

+ 0.0005

+ 0.0006

MAX. LOADS*

7 lb.

3 lb.

4 lb.

8 in.-Ib.

4 in.-Ib.

2 in.-Ib.

*Maximum estimated running loads, not starting loads. Accuracy is

nominally _ 5 percent. Coefficient tolerances based on maximum q of I0 psia.

23



F

PARAMETER

NF

SF

AF

PM

RM

YM

TABLE V

UNCERTAINTY: LB,_IBALANCE - r,ISFC248

CAPAC ITY

1oib.

6lb.

8lb.

12 in.-Ib.

6 in.-Ib.

4 In.-Ib.

ACCURACY

+ 0.10 lb.

+ 0.06 lb.

+ 0.08 lb.

+ O. 12 in.-Ib.

+ 0.06 in.-Ib

+ 0.04 in.-Ib.

COEFFICIENT
TOLERANCE

+ 0.0017

+ 0.0010

+ 0.0013

+ 0.0004

+ 0.0002

41b.

21b.

11b.

12 in.-Ib.

1 in.-Ib.

5 in.-Ib.+ 0.0001

MAX. LOADS*

*Maximum estimated running loads, not starting loads. Accuracy is nominally

+ 1.0 percent. Coefficient tolerances based on maximum q of lO ps_a.

TABLE VI

,,,,, ,

PARAMETE:_,.

NW

BW

TW

UNCERTAINTY: ORBITER WING BALANCE
v

..... ,, _ ,,,,,,,

CAPACITY **

13. lb.

8.4 in.-Ib..

3.4 in.-lb.

ACCURACY

+ 0.65 lb.

+ 0.42 in.-Ib.

+ 0.18 in.-Ib.

COEFFICIENT
TOLERANCE

i i

+ 0.0092

+ 0.0016

+ 0.0013

MAX. LOADS*

10.47 Ib.

8.8 in.-Ib.

3.8 in.-Ib.

_*Maximum e_timated"running loads, not s.tart,ingloads. Accuracy 15 nominall_ f.0.5

percent. Coefficient tolerances based on maximum q of IO psia.

**BW and TW rated limits are for the wing balance center.
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TABLE Vl I

U[4CERTAIr_TY:ELEVO[4BALAr_CES

6e , deg
,L

INBOARD

10

OUTBOARD

5

CAPACITY

('in.-'Ib.)

0._

0.4

0.4

ACCURACY

(in.-Ib.)

+ 0.004

+ 0.004

+ 0.004
, Ij ,

COEFFICIENT

TOLERANCE

+ 0.0025

+ 0.0025

+ 0.0025

MAX
LOADS*

(,in-lb.)

0.020

HL-ELECTRICA
CENTER
(i_.)

0.23

0.060 :
$

O. 150 _I
. _ J , ..

O.Zl

0.19

*Maximum estimated runnina loads, not starting loads. Accuracy is nominally

1.0 percent. Coefficient tolerances based on maximum q of lO psia.

***These distances, A, between the hinge lines and electrical centers are

measured positive forward of the hinge lines.
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APPENDIX I

BASE PRESSURE SURVEY

INTRODUCTION

An accurate determination of pressure distributions in the base region of

the small .O04-scale model Space Shuttle Launch Vehicle is extremely diffi-

cult and was not practical for this test. If surface orifices are used

they become minute and lag times for pressure stabilization are prohibitive.

If pressure rakes are used, their very presence has some influence, not

only on the base pressure, but on the force measurement as well. However,

base pressure measurements were vital to the test, and some solution to the

vexing problem was necessary. Large scale (2% model) tests (IA183 and

IAI05) in the AEDC 16-foot Transonic Pressure Tunnel provided a rather

complete mapping of ET and SRB base pressures which could be utilized.

It was expected that due to the different model scales and sting geometries,

pressure levels between these tests and the AEDC tests would be different,

but distribution of pressure across the base would be similar. With that

in mind, the following study was conducted to optimize a rake configuration

for subsequent small-scale force testing.

EXTERNAL TANK RAKE

Figures I-i and I-2 show the ET base instrumentation for the large-scale

tests. Figure I-3 depicts the pressure distribution across the base as

measured in test IAI05. The data show a fairly constant distribution

across the base with the pressure rising rapidly at the outer edge as

would be expected.
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Placement of a pressure tube at 156-inch (full scale) radius to catch the

pressure rise is not feasible on the .004-scale model. The closest to the

outer edge felt practical here was 139 inches full-scale, resulting in a

rake as shownin Figure 1-4. Data obtained with this rake are shownin

Figure 1-5 and in comparison with IA183 data on a blown up scale in Figure 1-6.

The latter figure shows the data to be non-llnear with alpha, particularly

at the 139-1nch radius position.

It was found that the tubes at 139 inches were not dimensionally stable and

were moving around to the point that they actually fouled the model at the

higher angles of attack. This movementprobably accounts for the non-

linearity of the pressures as seen in Figure 1-6.

The final solution for the ET rake was one consisting of 4 probes, one on

centerline and three at a full-scale radius of 94 inches, as shown in Figure

1-7. The 94-inch location was selected partly because of a plug on the

ET base which maderake alignment easy, but mostly because of the pressure

drop observed at about 80 inches in the IAI05 pressures. It was felt by

all concerned that these placements would offer the best overall average

of the ET base pressure. Post-test review concluded that indeed these

placements would suffice for subsequent force test, IA603.

External Tank + LBM Rake

(LBM Front Face):

Figure 1-8 depicts tube locations for the IBM pressure survey rakes.

Positioning the tubes of rake 2 to read pressures on the front face of
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of the LBM, required routing the tubes up against the ETbase and then

turning them to face the forward LBMface. As seen in Figure I-8C, it

was not possible to locate each tube at the center of each LBMfront face.

Figure I-9 reflects the data obtained at these locations. A large vari-

ation in pressure is seen, particularly at the lower Mach numbers.

(LBM Aft Face):

Figure I-i0 reflects the data obtained on the aft face of the LBM with

rake I, while Figure I-Ii reflects the pressures measured on the aft

face of the LBM with rake 2. Superimposed on Figure I-i0 are the

pressures measured on the LBM aft face by the final selected rake con-

figuration. As can be seen, all three rake configurations yield similar

results with very little variation in pressure with angle of attack.

(IiBM Attach BYock, Nozzle and Boattail):

Figure 1-12 presents base pressures on the LBM attach block, nozzle and

boattail as measured by rake i. Because of the size of the pressure tubes

and the model size, the only location whlch did not present model fouling

problems was the nozzle.

The data at all three locations show close agreement except at the

supersonic Mach numbers where the attach block pressure coefficient varies

from the other two by about .05. Due to the fouling problem, it was

decided to forego trying to read the attach block pressure separately

with the final selected rake, and to measure only the nozzle pressure

which would 5e assumed to be prevalent at all three locations. Pressures

measured on the nozzle with the final rake configuration are superimposed
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on Figure 1-12 and show a good average.

(ET Base):

Pressure coefficients on the ETbase with the LBMpresent are shownin

Figure 1-13 for both rakes i and 2. The data show a fairly large

variation over the region measured. Due to fouling problems at the 0°

and i00 ° orientations, the final rake configuration was selected to have

tubes at 90° and 270° orientation only, at 130 inches full-scale from

the center. The 90° data, shownsuperimposed on Figure 1-13, appear

to give a good average. The final rake configuration used for the force

part of the test with the LBMpresent is shownin Figure 1-14. Both

this rake and the rake used when the LBMwas not present (Figure 1-7)

are rather large for the area between the SRBs. Past experience has

shownthat their presence will influence the force data.

Appendix II explores the rake effect on the force measurementsand offers

somemethods for correcting the data for these effects.
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FORCEDATACOMPARISONWITHANDWITIIOUTRAKES

The total (uncorrected for base pressure effects) aerodynamic coefficienI_!_

are shownin Figures II-I through II-10. Each set of figures shows tlw

effect of the base pressure rake on a different force or momentcoefficien_ _

For the most part the rake shifted the levels on all the coefficients.

Because the rake size for the mode]with LBMJs larger than that of t:h__

model without the LBM, there is a different level shift for someof the

former data than for the latter, The major effects of the rake appe_Jr_<

be on the winF.and elevon w,ith no consistent trend observed as to wl:_eLh_

it increases or decreases t:he increment caused by the LBM.

It is apparent that the rake effects should be minimized.

procedure for future tests is:

The proposed

i) Obtain base pressure data with the final selected probes

of Appendix I separate from the force d;ita.

2) During force test:ing, measure ET base and LBM base

presst_res at only o[_e selected ]oc.ation with a minimized

rake.

3) Adjust the base pressures measured in item (]) to match

the level measured in item (2) (minimizes rake effects).

4_ Compute base pressure corrections with the adjusted data

of item (3).
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ELEVONBALANCEDATA

Each elevon balance is a simple beam flexure (Figure I!I-i) which is

gaged to read hinge moments. As designed, a gap exists between the wing

and the elevon. For the outboard eleven, wax was used to seal the gap

without interfering with the balance readouts. The inboard elevon has

a larger gap than the outboard elevon, with wires from the outboard balance

routed across it. When wax was used to seal the inboard gap, very high

hysteresis in the data was encountered. Accordingly the wax was removed

and tape was applied to cover the gap. This appeared to work satisfactorily.

When testing started, several repeat runs were made for data verification.

On the fourth repeat run, the inboard elevon balance readouts exhibited

a large data shift. The elevon data shift was also observed in the main

balance data. While troubleshooting this problem, some interesting data

were obtained.

Figure 111-2 compares the results of (7) repeat runs to that of the original

run. In Figure lll-2(a), beginning with the third repeat run, the in-

board elevon hinge moment coefficient was seen to vary by as much as 0.018

over the entire alpha range tested at M - 1.25. Figures 111-2(B), (c),

and (d) indicate that at the same time the SSLV main balance was experienc-

ing changing aerodynamic conditions which were attributed to small elevon

deflection changes (less than 0.i degree as pointed out in Figure lll-2(e),

(f) and (g)). A systematic check of the following suspected causes;

111-3



ELEVONBALANCEDATA(Concluded)

i) zero shifts

2) tunnel set conditions; Mach, PT' p' RN/L

3) hysteresis

4) boundary layer

5) loose tape over gaps

did not reveal any data disparities and therefore those causes were eliminated.

Whenresealing the loose tape over the elevon gap, it was noticed that the

balance lead wires had becomestuck to the tape. Separating these wires

from the tape caused the balance readings to return to normal (see Figure

111-3). Fromthis it was concluded that the leads were modifying the load

to the elevon balance when they becamestuck to the tape. Therefore, all

subsequent testing insured that the lead wires were free from the tape.

For future tests it is suggested that the outboard elevon wires not be

routed across the inboard elevon gage and that both gaps (outboard and in-

board) be sealed with something other than tape. Attention to elevon

gage design should insure elevon deflection under load to be kept to a

minimum.
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